Acute generalised exanthematous pustulosis (AGEP) is a severe cutaneous adverse reaction and is attributed to drugs in more than 90% of cases. It is a rare disease, with an estimated incidence of 1-5 patients per million per year. The clinical manifestations characterised by the rapid development of sterile pustular lesions, fever and leucocytosis. Number of drugs has been reported to be associated with AGEP, most common being the antibiotics. Histopathologically there is intraepidermal pustules and papillary dermal oedema with neutrophilic and eosinophilic infiltrations. Systemic involvement can be present in more severe cases. Early diagnosis with withdrawal of the causative drug is the most important step in the management. Treatment includes supportive care, prevention of antibiotics and use of a potent topical steroid.
Introduction
Acute generalised exanthematous pustulosis (AGEP) is a severe cutaneous adverse reaction, attributed to drugs in the majority (>90%) of the cases, but sometimes may be associated with acute viral infections and mercury. It is a severe cutaneous adverse reaction characterised by the rapid development of nonfollicular, sterile pustules on an erythematous base. The condition is characterised by an abrupt onset, generally occurring within 48 hour of ingesting the suspected medication, of fever and pustulosis with leukocytosis. Most cases have a spontaneous resolution and only a single episode. In severe cases, there can be mucous membrane and systemic organ involvement. [1] Typical histopathologic features include spongiform subcorneal and/or intraepidermal pustules, marked papillary oedema, and polymorphous perivascular infiltrate with neutrophils and exocytosis of some eosinophils. [2, 3] Cases with similar clinical characteristics have been described using different names, such as generalised toxic pustuloderma, blistering drug eruptions, and generalised pustular dermatosis. [2] History AGEP was originally classified as a form of pustular psoriasis. Baker and Ryan detected, a subgroup of five patients, in a series of 104 cases of pustular psoriasis, who had no history of psoriasis and the episode of pustular eruption in those cases was acute, resolved spontaneously and never recurred. The authors called these patients exanthematic pustular psoriasis and suspected drugs or infections as trigger for these types of pustular eruption. [4] In 1980, Beylot et al proposed the term AGEP for the first time in the medical literature as a separate entity. [5] However, the disease was mentioned in medical literature much earlier as many cases with similar clinical features were described under different denominations such as toxic pustuloderma and pustular drug rash or were interpreted as special variants of other pustular diseases. [6, 7] Epidemiology AGEP is a very rare disease, with an estimated incidence of 1-5 patients per million patients per year. [8] The
EuroSCAR study reported 97 validated cases of AGEP from different European countries; showed a mean age of 56 years and a female preponderance (male:female ratio of 0.8:3). [9] The female predominance was even higher in some other studies from Israel (76.9%) and Taiwan (68.7%). In these two small series from Israel and Taiwan, the mean age was found to be 40.8 and 40.9 years, respectively. [10, 11] The female predominance in AGEP is consistent with the recognised female predominance in drug eruptions in general. [12] AGEP was also seen in children, [13] with a large paediatric series of 20 patients reported from China. [14] The period of onset after exposure is short for AGEP (usually 1-5 days) in the EuroSCAR study, and it may vary for different drugs. For antibiotics, including sulfonamides, the median latent period was 1 day, and for some other drugs, it was 11 days. [9] There may be some seasonal variation in the incidence of AGEP, as clustering of AGEP cases in the summer was reported in a series from Israel. [10] Aetiology Drug AGEP is attributed to drugs in >90% of the cases. [1] EuroSCAR study revealed a range of causative agents for AGEP. [9] It is most commonly associated with the following drugs: pristinamycin (an antistaphylococcal used in Europe), ampicillin/amoxicillin, quinolones, hydroxychloroquine, sulfonamides, terbinafine, diltiazem, ketoconazole, and fluconazole. [9, [15] [16] [17] [18] Drugs with weaker associations include macrolides, oxicam nonsteroidal anti-inflammatory drugs, and antiepileptic drugs. [9] Some reports implicated corticosteroids as a possible causative agent in AGEP. [19] Some rarely incriminated drugs include terazosin hydrochloride, omeprazole, and sennoside [ Table 1 ]. [20] [21] [22] 
Infection
Infectious agents such as parvovirus B19, Chlamydia pneumoniae, cytomegalovirus, and Coxsackie B4 are reported to have an aetiological association with AGEP. [18, [23] [24] [25] Recurrent urinary tract infection with Escherichia coli was also reported as a cause of AGEP. [26] However, no significant risk for infection was found in the EuroSCAR study. [9] It may be difficult to predict association of AGEP with infection as it is always not possible to pinpoint infective agent and also may be the disease course is associated with antibiotics use.
Contact sensitivity
Contact sensitivity to topical agents was suggested to have a role in the pathogenesis of AGEP. However, the evidences are limited. Hypersensitivity to mercury and bufexamac has been reported as a potential aetiological factor in rare instances of AGEP. [2, 27] However, these were not identified as risk factors in the EuroSCAR study. [9] 
Psoriasis and atopy
Generalised pustular psoriasis (GPP) may be difficult to distinguish from AGEP both clinically and histopathologically. Earlier times, there were some suggestions that AGEP can be a variant of pustular psoriasis that could be triggered by drugs or infections. [4] In some cases of AGEP, a personal or a family history of psoriasis could be elicited. In the EuroSCAR study, the percentage of individuals with a personal history of psoriasis (7%), family history of psoriasis (4%), or treatment for psoriasis (5%) was higher than but did not differ significantly from the control groups (3%, 4%, and 3%, respectively). [9] There are some suggestions that bufexamac contact sensitivity induced AGEP may be precipitated by underlying atopy.
Additional causes of acute generalised exanthematous pustulosis
Some other causes have been suggested as an aetiologic agent of AGEP, which include spider bite, malignancy (chronic myeloid leukaemia), and pregnancy. [28] [29] [30] 
Pathophysiology

Genetic background
There may be some genetic predisposition for the development of AGEP. Human leukocyte antigen B51, DR11, and DQ3 are found to be more common in AGEP patients. There seems to be a correlation between mutations in the interleukin-36RN (IL-36RN) gene, encoding the IL-36 receptor antagonist (IL-36Ra), and the development of generalised pustular eruptions after drug intake. [31] However, it is still unclear if mutations in IL-36RN lead to AGEP or a drug-induced GPP. [32] It had been postulated that a mutation in the IL-36RN gene leads to decreased or ineffective IL-36 receptor antagonist, resulting in an uncontrolled IL-36 pathway. Increased IL-36 signalling leads to increased production of IL-6, IL-8, IL-1a, and IL-1b and might predispose to pustular eruptions. [1] 
Immune mechanisms
AGEP is now understood to be a T cell-mediated neutrophil-rich type IVd hypersensitivity reaction. The activation of drug-specific CD 4 and CD 8 cells play an important role, as indicated by the patch tests and in vitro tests. [33] Drug-specific cytotoxic T cells and cytotoxic proteins such as granzyme B and perforin induce the apoptosis of keratinocytes, leading to subcorneal vesicles. [34, 35] Drug-specific T cells in AGEP patients produce significantly more chemokine (C-X-C motif) ligand 8/IL-8 which plays a central role in the formation of pustules by recruitment of neutrophils. High levels of IL-17, IL-22, and granulocyte-macrophage colony-stimulating factor (GM-CSF) in AGEP patients may also have some role in the strong neutrophilic activity. [36] Studies also indicated that innate cells might be involved in the pathogenesis of AGEP.
Pathogenesis
In the initial phase of the pathogenesis of AGEP, there is activation of drug-specific T-cells with subsequent migration of the CD4 and CD8 cells to the skin. The initial influx of CD8 cytotoxic T-cells results in apoptosis of keratinocytes and the formation of sub-corneal vesicles. The infiltrating CD4 cells and keratinocytes release CXCL-8, which results in the recruitment of neutrophils and GM-CSF, which prevents apoptosis of neutrophils.
This results in the conversion of vesicles into pustules. CD4 cells also release Interferon (IFN) gamma, which stimulates keratinocytes to secrete CXCL-8. Resident Langerhans cells may present drug antigens to CD4 cells and keratinocytes may act as antigen presenting cells to CD8 cells, thereby augmenting the neutrophil-mediated inflammatory response [37] [Figures 1-3 ].
Histopathology
A histopathological examination should be performed to distinguish AGEP from other pustular eruptions. Histopathological hallmark of AGEP is the presence of the intracorneal, subcorneal, or intraepidermal pustules. There are also oedema at the papillary dermis and perivascular infiltrates containing neutrophils and eosinophils. Spongiform changes are found in both the intracorneal and subcorneal pustules. Epidermis also has spongiosis along with exocytosis of neutrophils and presence of necrotic keratinocytes. [38] In some cases, necrotic keratinocytes and leukocytoclastic vasculitis may also be found. Unlike plaque psoriasis, papillary dermal dilated blood vessels are infrequent in AGEP. In a study by EuroSCAR and RegiSCAR study group, there was no statistically significant difference in histopathology between a subgroup of AGEP with a personal history of psoriasis as compared with AGEP with no history of psoriasis. [39] The presence of eosinophils, necrotic keratinocytes, a mixed interstitial and mid-dermal perivascular infiltrate and the absence of tortuous or dilated blood vessels favour AGEP, while the presence of psoriasiform acanthosis is characteristic of generalised pustular psoriasis.
Clinical Features
Onset AGEP is a severe cutaneous adverse reaction with rapid onset. Characteristically, patients of AGEP develop an acute rash with pinhead sized pustules on erythematous base starting in the flexural area and spreading quickly within a few hours to involve trunk and limbs. The time period, from the drug intake to the disease onset, is usually 24-48 h. [9] 
Morphology
The mucocutaneous features of AGEP include few to hundreds of small, sterile, nonfollicular pustules on an erythematous base with absent or minimal mucous membrane involvement. The usual morphology is an acute oedematous erythema, followed by dozens of small nonfollicular sterile pustules with a predilection for the larger flexural areas. Mild, nonerosive mucous membrane involvement may occur in about 20% of the cases, usually confined to a single site, most often the lips or buccal mucosa [ Figure 4 ]. Uncommonly and atypically, other features may occur, including oedema of the face, purpura, blisters, or target-like lesions. [2] Symptoms AGEP is typically pruritic. The skin symptoms of AGEP are almost always accompanied by fever (above 38°C).
Systemic involvement
Systemic involvements are uncommon in AGEP. In a study of 58 patients, 17% of cases had internal organ involvement. Leukocytosis with an elevated neutrophil count (>7500/microliter) and fever (38°C) are constant features of AGEP. Elevated absolute neutrophil count and C-reactive protein levels were associated with systemic organ involvement. [40] If systemic involvement occurs; liver, kidney, and lung are the most commonly affected organs in the patients of AGEP. Elevated liver enzymes can either be a hepatocellular pattern with high aspartate aminotransferase and alanine aminotransferase or a cholestatic pattern with elevated alkaline phosphatase and g-glutamyltransferase. Abdominal ultrasound of individuals with hepatic involvement may reveal steatosis or hepatomegaly. [1, 41] Lung involvement in AGEP includes bilateral pleural effusion resulting in hypoxaemia, requiring supplemental oxygen. In the case of multiple organ dysfunction a patient of AGEP should be treated under intensive care. [1, 41] 
Atypical systemic presentations of acute generalised exanthematous pustulosis
Toxic epidermal necrolysis (TEN)-like AGEP: there are several reports of AGEP mimicking TEN and also several overlap cases have been described. The so-called "TEN-AGEP overlap" cases, described in the literature, where patients had diffuse exfoliation and bullae formation along with mucosal involvement akin to TEN and demonstrate AGEP on histopathology. However, its worth remembering that in up to 20% of cases of AGEP, the mucosa may be involved; cases of AGEP presenting with atypical targets or bullae have also been reported. Medications implicated in "TEN-AGEP overlap" cases include hydroxychloroquine, valdecoxib, paracetamol, infliximab and clindamycin, beta lactam antibiotics, famotidine, carbamazepine, lamotrigine, and estazolam. [42] AGEP-drug-induced hypersensitivity syndrome (AGEP-DIHS) overlap: Cases of AGEP overlapping with DIHS have also been described. AGEP-DIHS overlap occurs most commonly in association with anti-epileptics such as carbamazepine and phenytoin and has also been described with allopurinol. DIHS with features of AGEP have also been found in association with ibuprofen and mexiletine. [42] 
Atypical localised presentations of acute generalised exanthematous pustulosis
Localised AGEP has been reported over a mid-sternal SCAR and on the face, cheeks, and lips. [42, 43] Diltiazem has been reported to induce AGEP limited to the distal limbs with sparing of the trunk and flexural folds. [44] AGEP-like allergic contact dermatitis to hydrocortisone butyrate propionate has also been described. [45] AGEP-like contact dermatitis to methylchloroisothiazolinone has been described, in the third-trimester pregnant female, which was consistent with AGEP on histopathology. [46] AGEP was also described in a photosensitive distribution. [42] 
Course and prognosis
The clinical course of AGEP is characterised by spontaneous resolution on drug withdrawal. Resolution is marked by a characteristic desquamation. On discontinuation of the causative agent, resolution of the cutaneous features generally occurs within 15 days. AGEP has a favourable prognosis, although organ involvement, mucosal involvement, secondary infection, delay in diagnosis, and medical comorbidities may result in poor outcome. The reported mortality is 5%. When death does occur, it is generally a result of multiple organ dysfunction and disseminated intravascular coagulation. AGEP can recur after the reintroduction of the causative drug. [1, 40] 
Diagnosis
Diagnosis of AGEP depends on clinical and histological criteria. The EuroSCAR study group developed a standardised AGEP validation score. The AGEP validation score includes the morphology of skin lesions, the presence of fever, the clinical course, and the laboratory and histopathological findings. It is a standardised scheme that classifies patients with suspected AGEP Table 2 ]. To identify the responsible drug in case of polymedication, a patch test can be performed after complete skin resolution. The sensibility of the patch test in AGEP is higher than in other drug reactions such as Stevens-Johnson syndrome (SJS) or TEN (58% positive in AGEP vs. 24% positive in SJS/TEN). A positive result often shows small pustules at the location of testing.
Diagnostic tests
In vivo (patch tests) and in vitro tests can help in the identification of culprit drug in AGEP.
Patch tests: there have been reports of a high rate of strongly positive patch test reactions with the offending drugs (diltiazem, bufexamac, etoricoxib, fluindione, prednisolone, and tetrazepam) in AGEP patients. In a study, patch tests were found positive in seven of 14 AGEP cases. AGEP induced by corticosteroids, the patch tests have showed pustular reactions. [1] In vitro tests: the in vitro lymphocyte proliferation responses and the in vivo patch test reactions in patients with AGEP are consistent in some cases. The in vitro drug-induced release of the Th1-type cytokine IFN gamma may have some diagnostic role in AGEP. However, poor availability data regarding the diagnostic role of in vitro tests in AGEP, limits its use in real life scenario. [1] 
Differential Diagnosis
A wide spectrum of cutaneous diseases or reactions is associated with pustular eruptions. In view of the self-limiting character of AGEP, it is essential to differentiate it from the wide spectrum of cutaneous diseases or reactions, which are associated with pustular eruptions [ Table 3 ]. The principal differential diagnoses of AGEP consist of pustular psoriasis, Sweet's syndrome, pustular erythema multiforme, TEN, drug rash with eosinophilia and systemic symptoms (DRESS), subcorneal pustulosis (Sneddon-Wilkinson syndrome), pustular vasculitis, and bullous impetigo. [47] Nonfollicular pustules characterise AGEP, which distinguishes it from follicular pustular diseases such as bacterial folliculitis. Generalised pustular psoriasis, which is the most important differential of AGEP, can be more difficult to differentiate from AGEP. However certain features like slow onset, association with pregnancy, drugs, and infection, and a personal or family history of psoriasis; favour a diagnosis of pustular psoriasis. Salient points in favour of pustular psoriasis histopathologically, include parakeratosis, increased mitotic figures, Munro's microabscess, and tortuous, dilated dermal blood vessels. DRESS typically has an erythematous morbilliform rash but occasionally can develop pustules. The onset of DRESS is insidious (2-6 weeks), compared with 1-2 days for AGEP. Internal organ involvement is nearly a rule in DRESS. Epidermal sloughing, a positive Nikolsky sign, and mucous membrane involvement characterise SJS and TEN. [1, 41] Treatment AGEP is a self-limiting disease with a favourable prognosis in most cases. In the majority of cases withdrawal of the offending drug and supportive therapy result in recovery. Moist dressings and antiseptic solutions are appropriate during the pustular phase to help prevent infection. Antibiotics should be avoided unless there is a sign of superinfection. Topical corticosteroids reduce pruritus and inflammation. Treatment with potent topical corticosteroids may help in decreasing the duration of hospitalisation. [1] In a study from Israel, of nine AGEP cases, the majority (7 cases) received only supportive care, and the rest 2 cases received corticosteroids. [10] However, in a series of 16 AGEP cases from Taiwan, the treatment in most patients began with intravenous hydrocortisone, with others receiving oral or topical corticosteroids. There was no significant difference between treatment regimens in terms of the course or Good Death 10% Frequent relapses Death 10-70% AHS: Anticonvulsive hypersensitivity syndrome, ESR: Erythrocyte sedimentation rate, HFT: Hepatic function test, ICU: Intensive Care Unit, TEN: Toxic epidermal necrolysis, AGEP: Acute generalised exanthematous pustulosis, LAP: Lymphadenopathy the duration of the disease. [11] It should be stated that the evidence for systemic corticosteroids to reduce disease duration is extremely thin. Infliximab therapy was reported in three cases of overlap AGEP and TEN. In all three cases, the treatment caused rapid and complete resolution. [48] Conclusion AGEP is a T cell-mediated reaction characterised by acute onset of the sterile pustular lesions with a predilection to large folds. Numerous drugs have been implicated as causative agent. The disease needs to be differentiated from other pustular lesions, especially GPP. Once the correct diagnosis is made and the offending drug is withdrawn the disease usually has a favourable prognosis with majority going to spontaneous recovery in 2 weeks time.
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What is new?
Many drugs have been described as the causative agent with antibiotics being the most common. In rare cases it can be fatal, especially when there is severe form of the disease with multi-organ involvement.
